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A packet transmission system in which vari- 
able delays are compensated for by packetizing 
an input signal so as to produce packets at a 
predetemnlned packet frequency (3), allocating 
a sequence number to each packet (6), trans- 
mitting these packets over a network to an 
endpoint (7), and forming the packets into an 
output signal at the endpoint by reference to 
their sequence number (12) and by delaying 
each as necessary (9,10) so that they are all 
delayed by substantially the same predeter- 
mined delay time with reference to said packet 
frequency. Preferably, the delay in the transmis- 
sion of each packet through the network is 
measured by comparison of the time of arrival 
of the packet at the endpoint relative to a timing 
signal (11) synchronised with or running 
plesiochronously with said predetermined 
packet frequency. The endpoint delay is then 
set so that the sum of the measured delay and 
the endpoint delay is substantially equal to said 
predetermined delay time, which is assessed as 
the maximum delay for acceptable output sig- 
nal quality. 
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Technical Field 

This invention relates to a packet transmission 
system and a metliod of, and means for compensat- 
ing for delays of packets in such a system. 

It is known in a packet switching system to pro- 
vide each packet with a time stamp field in which to 
record delays incurred as the packet traverses the 
system. In particular, it is known to measure the vari- 
able time taken by each packet to traverse each node 
of a packet switching network and to add this time to 
the time stamp field. Delays across the node are 
caused by queuing of the packets in storage means 
and are random in nature. The time stamp field there- 
fore records an accumulated value of the variable de- 
lay in traversing the network, this being an especially 
important parameter when packets are used to trans- 
mit voiceband information, the received quality of 
which deteriorates unacceptably unless some form of 
variable delay compensation is provided. However, 
the use of a time stamp field in this manner increases 
the overhead for the packets and involves additional 
processing capacity at each node in the network. 



determined frequency, the packet transmission de- 
lays can be readily measured at the endpoint with ref- 
erence to this packet frequency and compensated for 
within said predetermined maximum acceptable de- 
5 lay time. 

Description of the Drawings 

The invention will now be described by way of ex- 
10 ample with reference to the accompanying drawings 
in which: 

Figure 1 is a schematic diagram of a packet trans- 
mission system, 

Figure 2 is a schematic diagram of the originating 
15 endpoint of packets in the system of Figure 1 , 

Figure 3 is a schematic diagram of the terminat- 
ing endpoint of packets in the system of Figure 1 , 
Figure 4 is a diagram showing the timing se- 
quence of packets within the system of Figure 1, 
20 and 

Figure 5 is a diagram illustrating the distribution 
of measured variable delay times in the system of 
Figure 1. 



Disclosure of the invention 25 

An object of the present invention is to provide a 
packet transmission system in which variable delays 
can be compensated for more simply than in the 
known systems. 30 

This is achieved according to the present inven- 
tion by packetizing an input signal so as to produce 
packets at a predetermined packet frequency and al- 
locating a sequence number to each packet, transmit- 
ting these packets over a network to an endpoint, and 35 
forming the packets into an output signal at the en- 
dpoint by reference to their sequence number and by 
delaying each as necessary so that they are all de- 
layed by substantially the same predetermined delay 
time with reference to said packet frequency. 40 

Preferably, the delay in the transmission of each 
packet through the network is measured by compar- 
ison of the time of arrival of the packet at the endpoint 
relative to a timing signal synchronised with or run- 
ning plesiochronously with said predetermined pack- 45 
et frequency. The endpoint delay is then set so that 
the sum of the measured delay and the endpoint de- 
lay is substantially equal to said predetermined delay 
time, which Is assessed as the maximum delay for ac- 
ceptable output signal quality. Thus, variable trans- so 
mission delays are accommodated within a predeter- 
mined maximum acceptable delay time which Is pre- 
ferably adaptively adjusted by reference to the meas- 
ured delay times of successive packets so that it is re- 
duced to a minimum. 55 

The invention therefore avoids the need for time 
stamping at each node of a network, and instead by 
continuously producing sequenced packets at a pre- 



Mode of Carrying Out the Invention 

The packet transmission system illustrated sche- 
matically in Figure 1 comprises a network of intercon- 
nected packet switching nodes 1 with endpoint devic- 
es 2 connected to them so that they can communi- 
cate with one another via the network. Data is trans- 
ferred between the endpoints 2 in the form of packets 
within a frame format known as frame relay. Each 
packet has a header including a logical address field 
by means of which It is routed through the network. 
Each node refers to the logical address field in order 
to select the appropriate output to which to route it. 

Each endpoint device 2 is capable of acting as an 
originating endpoint device which produces and 
transmits packets, or a terminating endpoint device 
which receives packets. Figure 2 shows an endpoint 
device 2 when operating as an originating endpoint. 
In these circumstances, a synchronous voiceband 
signal (e.g. digital voice, facsimile or video data) is re- 
ceived at a packetizer device 3 and formed into pack- 
ets in a continuous manner. The packets are pro- 
duced at a predetermined timing interval as deter- 
mined by a clock 4 and a packetization interval gen- 
erator 5. A sequence number generator 6 Is driven 
from the interval generator 5 and allocates a se- 
quence number to each Interval, which sequence 
number is inserted in the header of the associated 
packet. A transmitter 7 receives the packets from the 
packetizer and transmits these to the network for de- 
livery via t he nodes 1 to a terminating endpoint device 
2, such as shown in Figure 3. 

At the terminating endpoint, the packets are re- 
ceived by a receiver 8 which reads the sequence 
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number from the header of each and writes this to a 
buffer controlier 9 before passing the packet onto a 
buffer 10. The buffer controller 9 operates in syn- 
chronism with the packetlzation interval through a 5 
clock 11 synchronised with the clock 4 driving the 
packetlzation interval generator 5. The function of the 
buffer controller is to release packets from the buffer 
10 at the correct timing so that each arrives at a de- 
packetizer 12 a predetermined time delay after the io 
corresponding synchronisation signal, this time delay 
being sufficient to accommodate variable delays in 
the network. 

The manner in which the buffer controller 9 oper- 
ates can be better understood with reference to the is 
timing diagram of Figure 4 which shows an example 
of a packet interval of 20 msec, and a predetermined 
delay time of 30 msec. A packet sequence number 1 
arrives at the receiver 8 after suffering a delay in the 
network of 8 msec. The buffer controller 9 measures 20 
this delay from the arrival time of the packet and the 
timing signal from clock 11, and calculates that an ad- 
ditional delay time of 22 msec, is required to give a to- 
tal delay time of 30 msec. The packet is therefore de- 
layed in the buffer 1 0 for a further 22 msec, before It 25 
is released to the de-packetizer 12. 

Similarly, the time of arrival of the packet se- 
quence number 2 at the receiver 8 is monitored and 
the network delay time of 14 msec, calculated. This 
packet is then delayed in the buffer 10 for a further 30 
16 msec. It will be noted that this second packet is 
passed to the de-packetizer 12 20 msec, after the 
first packet so that the packet interval is maintained 
at the terminating endpolnt. 

The buffer controller 9 analyses the measured 35 
delay times in the network and produces a distribu- 
tion count as shown in Figure 5 which it uses to de- 
termine the optimum predetermined delay time so 
that it can vary this in an adaptive manner to suit the 
operating conditions of the system. 40 



Claims 

1. A method of compensating for delays in a packet 45 
transmission system comprising packetizing (3) 
an input signal so as to produce packets at a pre- 
determined packet frequency, allocating a se- 
quence number (6) to each of said packets, trans- 
mitting (7) said packets In sequence over a net- so 
work (1) to an endpolnt (2), and processing (12) 
said packets to form an output signal at said en- 
dpoint by reference to the sequence numbers al- 
located to them, characterised by recording the 
time of arrival of said packets at the endpoint (2), 55 
and delaying (9) said packets at the endpoint by 
a variable delay so that each packet is delayed by 
the same predetermined time delay between 
transmitting (7) said packets and processing (12) 

3 



said packets at said endpoint. 

2. A method as claimed in claim 1 in which the time 
of arrival of each packet at the endpoint is record- 
ed (9) relative to a timing signal synchronised 
with or running pies iochronously with said prede- 
termined packet frequency and used to measure 
the transmission delay. 

3. A method as claimed In claim 2 in which the va- 
riable delay is the difference between the meas- 
ured transmission delay and said predetermined 
time delay. 

4. A method as claimed in any one of the preceding 
claims in which the distribution of the time of ar- 
rival of said packets at the endpoint is recorded 
(9) and used to adapt said predetermined time 
delay. 

5. A method as claimed in any one of the preceding 
claims in which said predetermined time delay Is 
set at a minimum acceptable value in accordance 
with the required quality of the output signal. 

6. A packet transmission system comprising packe- 
tizing means (3) to transform an input signal into 
packets at a predetermined packet frequency, 
packet numbering means (6) to allocate a se- 
quence member to each of said packets in se- 
quence, transmitting means (7) to transmit said 
packets In sequence over a network (1) to an en- 
dpoint (2), packet processing means (12) to re- 
ceive packets at said endpoint and produce a cor- 
responding output signal by reference to the se- 
quence numbers allocated to them, timing means 
(4,9) for timing the arrival of packets at the en- 
dpoint, and delaying means (9,10) for delaying 
said packets at the endpolnt by a variable delay 
so that each packet Is delayed by the same pre- 
determined time delay between said transmitting 
means (7) and said packet processing means 
(12). 

7. A packet transmission system as claimed in daim 

6 In which the timing means comprises clock 
means (4) that generates a timing signal syn- 
chronised with or running plesiochronously with 
said predetermined packet frequency, and delay 
measuring means (9) which measures the trans- 
mission delay of each packet by reference to the 
time of arrival of the packet at the endpolnt and 
the timing signal. 

8. A packet transmission system as claimed in claim 

7 in which the delaying means (9,10) determines 
the variable delay as the difference between the 
measured transmission delay and said predeter- 
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mined time delay. 

9. A packet transmission system as claimed in any 
one of claims 6 to 8 including adaption means (9) s 
which records the distribution of the time of arriv- 
al of said packets at the end point (Figure 5) and 
uses this to set said predetermined time delay. 

10. A packet transmission system as claimed in claim io 
9 in which said adaption means (9) sets said pre- 
determined time delay at a minimum acceptable 
value in accordance with the required quality of 

the output signal. 

15 

11. A packet transmission delay compensating sys- 
tem comprising packet processing means (12) to 
receive packets and to produce a corresponding 
output signal by reference to transmission se- 
quence numbers allocated to the packets during 20 
transmission, timing means (4,9) for timing the 
arrival of said received packets, and delaying 
means (9,10) for delaying the packets by a vari- 
able delay so that each packet is delayed by the 
same predetermined time delay between trans- 25 
mission and processing by said packet process- 
ing means (12). 

12. A packet transmission delay compensating sys- 
tem as claimed in claim 11 in which the timing 30 
means comprises clock means (4) that generates 

a timing signal synchronised with or running ple- 
siochronously with the frequency of transmission 
of said packets, and delay measuring means (9) 
which measures the transmission delay of each 35 
packet by reference to the time of arrival of the 
packet and the timing signal. 

13. A packet transmission delay compensating sys- 
tem as claimed in claim 12 in which the delaying 40 
means (9) determines the variable delay as the 
difference between the measured transmission 
delay and said predetermined time delay. 

14. A packet transmission delay compensating sys- 45 
tem as claimed in any one of claims 11 to 13 in- 
cluding adaption means (9) which records the 
distribution (Figure 6) of the time of arrival of said 
packets and uses this to set said predetermined 
time delay. 50 

15. A packet transmission delay compensating sys- 
tem as claimed in claim 14 in which said adaption 
means (9) sets said predetermined time delay at 

a minimum acceptable value in accordance with 56 
the required quality of the output signal. 
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